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a b s t r a c t

We analyze the behavior of airlines in terms of route structure choice using a differentiated
duopoly model that accounts for congestion externalities, passenger benefits from
increased frequency, passenger connecting costs and airline endogenous hub location.
We also examine the route structure configuration that maximizes welfare and whether
it can arise as an equilibrium when a regulator implements optimal airport pricing, but
does not regulate directly the route structure choice. We find that this is not always the
case and that, therefore, an instrument directly aimed at regulating route structure choice
may be needed to maximize welfare, in addition to per-passenger and per-flight tolls
designed to correct output inefficiencies. This holds true when the regulator is constrained
to set non-negative tolls, but also for unconstrained tolling. Finally, we also study the rel-
ative efficiency of airport pricing when the optimal route structure configuration cannot be
decentralized by tolling.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Following the deregulation of the airline industry, several changes in aviation markets were observed (see Morrison and
Winston (1995) for an overview of the changes in the US industry, and Burghouwt and Hakfoort (2001) for Europe). In addi-
tion to changes in fares, the most notorious change was in the way markets were served: the adoption of hub-and-spoke
route structures by carriers became dominant. Also since the deregulation of the markets, the costs caused by congestion
at airports have grown significantly and managing the increasing congestion has become one the main concerns of govern-
ments in countries with a large aviation market. For example, Ball et al. (2010) estimate that the cost of US air transportation
delay in 2007 was $16.7 billions to passengers, $8.3 billions to air carriers and that it reduced the 2007 GDP by $4 billion. Not
surprisingly, optimal airport pricing has gained increased attention as a measure aimed at reducing congestion costs.

The objective of this paper is to analyze optimal airport pricing in a network setting and in the presence of congestion
externalities, where carriers with market power have the route structure choice as a strategic instrument. It is known from
earlier literature, which abstracts away from endogenous route structure, that oligopolistic carriers partially internalize con-
gestion and exert market power (e.g., Brueckner, 2002; Pels and Verhoef, 2004). This means that two inefficiencies need to be
corrected: the deadweight loss from market-power markups (e.g. with subsidies) and the excessive number of flights that
are scheduled (e.g. with slot constraints or congestion pricing).1 In this paper, we study whether and how the inclusion of
route structure choice by carriers changes these conclusions. Specifically, do regulators need an additional instrument, on
top of the ones described above, to induce the socially desirable outcome? We carry out the analysis in what we believe is
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the simplest possible setting that allows us to account for strategic interactions in route structure choice, endogenous hub loca-
tions, market power exertion by airlines, congestion externalities at airports, and passenger frequency benefits and transfer
costs.

The conditions that give rise to hub-and-spoke route structures as an equilibrium of unregulated competition have often
been explained with three arguments: economies of density, frequency effects and strategic advantages. The first refers to
that average cost in a direct route may decrease with the number of passengers, and the second, the frequency effect, to the
fact that there are benefits for passengers of increased frequencies, e.g. reductions in schedule delay costs (the difference
between desired and actual departure/arrival time). Both may be better exploited under hub-and-spoke structures. In a
monopoly framework, Hendricks et al. (1995) show that economies of density alone can induce an airline to adopt a hub-
and-spoke route structure; Brueckner (2004) shows how frequency effects favor the adoption of hub-and-spoke. The third
argument, strategic advantages, reflects that adopting hub-and-spoke route structures may bring, in oligopolistic competi-
tion, further advantages because of the effect it has on competitors. For instance, Oum et al. (1995) show that using a hub-
and-spoke structure may allow the carrier to be more aggressive in output market competition. Employing hub-and-spoke
can deter entry in hub markets if the complementarities among hub markets are large, or the number of complementary hub
markets is large (Hendricks et al., 1997). Finally, it may prevent competition in local markets between two hub carriers
because invading the competitor’s local market may reduce own profit in all connecting markets due to a more aggressive
competition in the trans-hub market (Zhang, 1996). Recent theoretical contributions to this topic include Hendricks et al.
(1999), Alderighi et al. (2005), Barla and Constantatos (2005), and Flores-Fillol (2009, 2010).2

The above studies, however, ignore the endogenous nature of the hub location, do not study the socially optimal route
structure, and most of them also ignore congestion effects. This paper contributes to the literature by including all these
together. For example, we find that airlines choosing hub-and-spoke structures using different cities as their hub may be
the unique equilibrium when airports, markets and airlines are symmetric. The consideration of asymmetric hub-and-spoke
networks, commonly observed in real markets, is an important contribution of this paper. In addition, we show that the
result that a monopolistic airline is biased towards hub-and-spoke configurations (Brueckner, 2004) does not necessarily
carry over to competing airlines under our assumptions. We find that airlines adopting fully connected route structures
can be the unique equilibrium when using hub-and-spoke structures is socially optimal.

The literature on pricing and regulation in aviation markets has mostly focused on either a single origin destination pair,
hence ignoring network effects, or in networks with fixed route structures, hence ignoring its endogenous nature and its
effect on optimal policy. Brueckner (2004) compares the optimal route structure in a three-node network with the one
adopted by an unregulated monopoly, but does not study pricing policies. Flores-Fillol (2009) extends the analysis to a duop-
oly of airlines without analyzing the optimal route structure. Brueckner (2005) and Flores-Fillol (2010) study the optimal
pricing policy in a duopoly setting with an exogenous route structure. Our contribution to the policy analysis is to identify
the rationale for the tolls, when route structure is endogenous, and to extend the optimal pricing and regulation analysis by
elaborating on the policy instruments that can decentralize the socially efficient outcome in terms of output and network
configuration.

A main result of our analysis is that a regulatory instrument directly targeted on route structure choice may be needed to
maximize welfare, in addition to tolls designed to induce the efficient outputs, given the networks chosen. We find that
social welfare can be increased by using an additional policy instrument when the regulator is restrained from subsidizing
airlines (needed to eliminate deadweight losses), but also when it does not face such constraint on tolling. Specifically, the
first-best optimal route structures and output levels cannot always be decentralized by just using an airline- and market-
specific per-passenger toll (to correct for market power), together with an airline- and link-specific per-flight toll (to correct
for congestion), designed to induce the efficient output for the optimal route structure. Thus, the equilibrium with those tolls
is not always efficient, even when the regulator can perfectly discriminate airlines and has no pricing constraints. This is
because these tolls, despite that they provide the incentives to set the output efficiently, cannot always align the effect of
adopting different route structures on the firms’ profit with the effect on social welfare of those different configurations. This
is especially true when the optimal network configuration is asymmetric and requires one firm to have, in one of the mar-
kets, a significantly lower market share and profit than the competitor.

First-best pricing, as just discussed, typically requires a regulator to give per-passenger subsidies to airlines, a policy that
is arguably impossible to implement in practice. To address this limitation, we study the case in which the regulator is con-
strained to charge non-negative tolls. We show that the route structures and output levels that maximize welfare in absence
of subsidies to correct for market power exertion cannot always be decentralized through non-negative tolls alone. Thus, also
in the absence of subsidization, using an additional regulatory instrument, on top of the tolls designed to correct output inef-
ficiencies, may increase welfare.

Our results may have important policy implications. In some cases an instrument directly aimed at regulating route struc-
ture choice is needed for welfare maximization, and in the cases where the pricing instruments are sufficient, the rationale
for the charges is not always the same. In some cases they are required only to correct output choices, in other cases the tolls
are needed to correct simultaneously output and route structure choices, and finally they can also be needed in order to
change the market structure in terms of suppliers present in the network, in addition to correct output and route structure.

2 For an empirical analysis and review of the size and shape of the networks in the airline industry from a cost perspective, see Jara-Díaz et al. (2013).
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